ACh-releasing factor, which is required for ACh release in presence of 2 mM ATP, 2 mM Mg and 10-5 M Ca from isolated synaptic vesicles, was purified from the synaptosomal cytoplasm of rat brain by Sephadex G-15, DEAE-Sephadex, Sephadex G-10 and AG50W-2X column chromatographies and identified as ascorbic acid. A low concentration of L-ascorbic acid (5 x 10-6 M) produced a release of ACh from the vesicles in the presence of ATP, MgCl2 and CaC12, as did synaptosomal cytoplasm. This release of ACh induced by L-ascorbic acid was found to be dissociable from formation of lipid peroxide. These findings are discussed in relation to the physiological role of L-ascorbic acid in the brain.
It is generally accepted that Ca ion is important in the process of transmitter release (1) . Injection of Ca++ into the nerve terminals produced a release of acetylcholine (ACh), as reported by Miledi (2) . Under physiological conditions, arrival of an action potential at the nerve terminal causes an influx of Ca++ due to conformational changes of synaptic plasma membranes and this consequent rise in intracellular Ca++ concentration induces a release of transmitter(s). However, the role of intracellular Ca++ in the process of transmitter release is unknown.
Although recent studies have indicated that ACh is released from both cytoplasm and synaptic vesicles (3) , participation of the synaptic vesicles in ACh release induced by stimu lation is supported by the Quantal theory (4) and results of histological studies (5) . Ac cordingly, one site of action of Ca++ in the nerve terminals is considered to be the synaptic vesicles, the ACh storing granules.
We isolated synaptic vesicles from rat brain and examined the Ca++ dependent response.
We found that a low concentration of Ca++ (10-s M to 10-5 M) significantly enhanced ACh release from the synaptic vesicles on addition of synaptosomal cytoplasm (sap) in the presence of ATP and Mg++ (6, 7) .
On the basis of this finding, we attempted to purify the factor required for ACh release from the vesicles in order to elucidate the mechanism of transmitter release from presynaptic nerve terminals.
MATERIALS AND METHODS 1) Preparation of synaptic vesicles and sap
Sprague-Dawley rats were decapitated and the brains were removed. Subcellular fractionation was carried out by the method of Whittaker et a]. (8) with slight modifications, as reported previously (6, 7) . The P2 fraction (Crude mitochondrial) was suspended in water (4 ml/g tissue) containing 10-4 M eserine, and centrifuged at 12,000 x g for 40 min.
The supernatant was centrifuged at 100,000 x g for 30 min to separate particles from the sap (synaptosomal cytoplasm). The sap was used as the starting material for purification of the ACh releasing factor. The precipitate was suspended in basic medium (30 mM Tris-HC1 buffer, pH 7.4, 100 mM KCI, 20 mM KCl and 10-4 M eserine) and centrifuged at 100,000 x g for 30 min to remove contaminating elements. The resulting precipitate containing about 0.5 nmoles of ACh per g wet weight of the original tissue was used in following experi ments, as synaptic vesicles.
2) Measurement of ACh release
ACh was assayed on a strip of rectus abdominis muscle of Rana pipiens, as described by Chang and Gaddum (9). Total ACh in the synaptic vesicles, recovered from suspension in basic medium by centrifugation at 100,000 x g for 30 min, contained about 1 nmole of ACh/tube. For measurement of ACh release, reaction mixture, consisting of 2 mM ATP, 2 mM MgCI2 and 10-5M CaCl2 with or without ACh releasing factor or ascorbic acid in a total volume of 5 ml in basic medium, was incubated for 20 min at 20'C.
The synaptic vesicles were then recovered by centrifugation and ACh releasing activity was calculated from the ACh remaining in the vesicles and expressed as % release of the total ACh.
For measurement of ACh released in the medium during incubation, 120 mM NaCI was used instead of KC1 in the basic medium to avoid contraction of muscle by the high concentration of K+ in the bioassay system. 
RESULTS

1) Properties of the factor required for ACh release frrorrz the synaptic vesicles
The factor in sap was dializable through cellulose and collodion membranes, and was labile at neutral pH, but stable in acidic conditions (Fig. 1) . The releasing activity was lost with storage at room temperature for 24 hr or with boiling for 20 min, but inactivation was prevented by addition of -SH reagents, such as DTT. Accordingly, purification of the factor was carried out in the presence of DTT.
2) Purification of the factor
Step 1) About 0.8 1 of the sap (pH 7.1) was adjusted to pH 5.0 with IN-HCl and centri fuged at 10,000 i g for 10 min. This step and all subsequent steps (except step 5) were carried out at 4°C. The resulting supernatant, which contained the ACh-releasing factor, was lyophilized. Step 2) The material was dissolved in a minimal volume (about 25-30 ml) of elution buffer (50 mM Tris-HCI buffer, pH 7.4 containing 10-4 M DTT), applied to a Sephadex G-15 column (5 x 91 cm) and eluted with the same buffer. As shown in Fig. 2, 4 peaks appeared by measurement of UV-absorption and the ninhydrin reaction, but only fraction 4 had ACh releasing activity.
Step 3) Fraction 4 was applied to a column of DEAE-Sephadex (2 x 42 cm) and eluted with a linear gradient of 0 to 200 mM KCl in the buffer. The ACh-releasing activity was eluted as a single peak (Fig. 3) . The fraction containing the ACh releasing factor was adjusted to pH 2.0 with HC1 and lyophilized. Step 4) The lyophilized material was dissolved in 4 ml of 5 % acetic acid and applied to a Sephadex G-10 column (2x98 cm). Blue dextran, Tris and KCl were eluted with acetic acid in fractions number 36, 58 and 62, respectively, whereas the ACh-releasing factor was eluted in fraction number 81. The material in fraction No. 81 was then lyophilized.
Step 5) Figure 4 shows the chromatogram on AG50W-X2 (1 x 95 cm) of the material eluted from Sephadex G-10. Fraction 2, eluted with 20 mM pyridine-acetate buffer (pH 3.0) had activity to cause ACh release. This fraction also had UV-absorption and gave a positive reaction for sugar. 3) Identification of AC/r-releasing factor 1) Correlation between stimulation of ACh-release and intensity of UV-absorption: During the purification there was an evident relation between the ACh releasing activity and the intensity of UV-absorption in various preparations (Fig. 5) . Furthermore, con comitant decreases of UV-absorption and ACh releasing activity were observed with incubation at 50'C, and decreases in both were prevented by addition of cysteine or DTT or acidification (data not shown). To test this possibility we measured lipid peroxidation under the conditions used for the ACh release (Fig. 9 ). In the presence of ATP, Mg++, Ca++ and ascorbate, malonaldehyde, product of lipid peroxidation, was formed from the vesicles and addition of 1 mM EGTA completely inhibited its formation. EGTA is not a specific chelator for Fe++, so EDTA and dipyridyl
were also used to remove contamination of Fe++. L-ascorbic acid is an antiscurvic vitamin. The brain has the highest levels of ascorbic acid of all tissues tested, except the adrenals (22, 23) . However, the physiological function of ascorbic acid in the brain is unknown. Spector and Lorenzo (24, 25) reported that L ascorbic acid appeared to be transported from the plasma to the brain via cerebrospinal fluid by a carrier mediated, energy-dependent and stereospecific system. Furthermore, intravenous administration of dehydro-ascorbic acid stimulated the central nervous system (26) and the decreased respiration of the cerebral cortex seen after administration of pento barbitone was restored by ascorbic acid (27) . These findings suggest that ascorbic acid is indeed important in neuronal functions (28) . Recent results have also shown that ascorbic acid is a cofactor of dopamine Q-hydroxylase (29) , and participates in storage of catecholamine (30, 31) . Significant changes in the amount of catecholamines in the brain were also observed in cases of Vit. C deficiency (32) .
These results, with the present findings, indicate that one of the functions of ascorbic acid may be related to release and storage of transmitters in the nerve terminals. In this connection, our recent finding that the concentration of ascorbic acid in rat brain was the highest in nerve terminals is of interest (18) .
